Background. The role of surgical resection for patients with large or multifocal intrahepatic cholangiocarcinoma (ICC) remains unclear. This study evaluated the long-term outcome of patients who underwent hepatic resection for large (C7 cm) or multifocal (C2) ICC. Methods. Between 1990 and 2013, 557 patients who underwent liver resection for ICC were identified from a multi-institutional database. Clinicopathologic characteristics, operative details, and long-term survival data were evaluated. Results. Of the 557 patients, 215 (38.6 %) had a small, solitary ICC (group A) and 342 (61.4 %) had a large or multifocal ICC (group B). The patients in group B underwent an extended hepatectomy more frequently (16.9 vs. 30.4 %; P \ 0.001). At the final pathology exam, the patients in group B were more likely to show evidence of vascular invasion (22.5 vs. 38.5 %), direct invasion of contiguous organs (6.5 vs. 12.9 %), and nodal metastasis (13.3 vs. 21.0 %) (all P \ 0.05). Interestingly, the incidences of postoperative complications (39.3 vs. 46.8 %) and hospital mortality (1.1 vs. 3.7 %) were similar between the two groups (both P [ 0.05). The group A patients had better rates for 5-year overall survival (OS) (30.5 vs. 18.7 %; P \ 0.05) and disease-free survival (DFS) (22.6 vs. 8.2 %; P \ 0.05) than the group B patients. For the patients in group B, the factors associated with a worse OS included more than three tumor nodules [hazard ratio (HR), 1.56], nodal metastasis (HR, 1.47), and poor differentiation (HR, 1.48). Conclusions. Liver resection can be performed safely for patients with large or multifocal ICC. The long-term outcome for these patients can be stratified on the basis of a prognostic score that includes tumor number, nodal metastasis, and poor differentiation.
Intrahepatic cholangiocarcinoma (ICC) represents 10 to 15 % of all primary liver malignancies. 1, 2 The incidence of ICC has increased worldwide, from 3.2 per 1,000,000 in 1975 to 8.5 per 1,000,000 in 2000, and has continued to increase during the last decade. [3] [4] [5] The prognosis of patients with ICC is poor, with an estimated median survival time of 18-39 months and a median 5-year survival rate of 25-40 %. [6] [7] [8] Complete surgical resection is the only hope for the long-term survival of patients with ICC, but unfortunately, only 30-54 % of these patients are eligible for resection with curative intent at the time of presentation. [9] [10] [11] [12] Several clinicopathologic factors have an impact on the prognosis of patients undergoing surgical resection for ICC. As summarized in a recent prognostic nomogram, these factors include age at diagnosis, number of tumors, tumor size, presence of cirrhosis, lymph node metastasis, and vascular invasion. 13 Whereas multifocal disease has been recognized as an important prognostic factor denoted by its incorporation into the American Joint Committee on Cancer (AJCC) staging system, 14 the prognostic role of tumor size is more controversial. 15 Some investigators have failed to note an association of tumor size with prognosis, 16 but other data have suggested that large ICC tumor size does indeed confer a worse long-term outcome. 13, 17 However, more recently, our group, using a large multi-institutional data set, noted that the prognostic importance of tumor size had a nonlinear threshold effect on prognosis. 13 In fact, the effect of tumor size on the risk of death was linear until the tumor was approximately 7 cm in diameter, after which the risk of death associated with any further incremental increase in size plateaued. 13 Given that patients with multifocal or large ICC tumors may have a worse prognosis, the role of surgical resection for this group of patients remains unclear. For patients with advanced disease, the decision whether a patient is a candidate for surgery can be challenging from both technical and oncologic aspects. In particular, patients with large or multifocal ICC can require a technically complex operation with an associated increased risk of morbidity and an R1 margin. 18 Nonsurgical options such as chemotherapy, however, are largely ineffective, leaving surgery as the only option with a potentially meaningful therapeutic effect. 12, 19, 20 The current study therefore aimed to evaluate the disease-free survival (DFS) and long-term overall survival (OS) of patients who underwent hepatic resection for large (C7 cm) or multifocal (C2) ICCs. Specifically, we sought to define the therapeutic benefit of resection among patients with advanced ICC using a large multi-institutional cohort. In addition, we characterized the clinicopathologic factors associated with worse long-term outcomes among patients with large or multifocal ICC lesions undergoing surgical resection.
METHODS

Patient Population and Data Collection
A multi-institutional database consisting of 557 patients with ICC who underwent liver resection from 1990 to 2013 at 12 major hepatobiliary centers in the United States, Europe, Australia, and Asia was used for this study. All the patients underwent hepatic resection with curative intent. The patients with metastatic disease, represented by American Join Committee on Cancer (AJCC) stage 4b, were excluded from the study, whereas the patients with AJCC T4 N0 M0 or T any N1 M0 (AJCC stage 4a) were included in the study cohort.
Standard demographic and clinicopathologic data were collected including sex, age, and tumor characteristics. Tumor size was defined as the maximal diameter of the tumor in the resected specimen, and the largest lesion was used as the index lesion in cases of patients with multiple tumors. For the purposes of analyses, tumor size was stratified using a 7-cm threshold based on the cutoff value used to define ''large'' tumor in the ICC nomogram published by Hyder et al. 13 Histologic grade was categorized as well, moderate, or poor based on the grade of differentiation. If tumor grade varied for a specific specimen, the ''worst'' grade was used as the index tumor grade. Data on tumor stage also were collected according to the 7th edition of the AJCC staging system. 14 Major hepatectomy was defined as the resection of three or more liver segments according to Couinaud's classification. Nodal status was ascertained based on the final pathologic assessment. Perioperative complications and mortality within 90 days after the operation were obtained, and morbidity was defined based on the Clavien-Dindo classification system. 21 The date of the last follow-up visit and vital status were collected for all the patients. 
Statistical Analysis
RESULTS
Demographic and Clinicopathologic Characteristics
We identified 557 patients who underwent liver resection for ICC with curative intent and met the inclusion criteria of the study. The baseline characteristics of the population are summarized in Table 1 .
Of the 557 patients, 215 (38.6 %) had a small, solitary ICC (group A), whereas 342 (61.4 %) had a large or multifocal ICC (group B) ( Table 1 ). The patients in group A had a single-nodule ICC measuring 4.6 cm (IQR, 3.5-5.6), whereas the patients in group B had a median tumor burden of 2 (IQR, 1-2) and a median tumor size of 8.5 cm (IQR, 7.0-11.0 cm). The two groups did not differ in terms of age, sex, race, presence of cirrhosis, or level of tumor markers (all P [ 0.05). According to the final pathology, the patients in group B had a higher proportion of tumors with vascular invasion (22.5 vs. 38.5 %; P \ 0.001), poor differentiation (20.2 vs. 28.9 %; P = 0.03), direct invasion of contiguous organs (6.5 vs. 12.9 %; P = 0.02), and nodal metastasis (13.3 vs. 21.0 %; P = 0.04). Group B had fewer patients with T1 tumors (69.7 vs. 26.1 %; P \ 0.001) and a lower proportion of patients with AJCC stage 1 disease (55.7 vs. 25.7 %; P \ 0.001).
Concerning the treatment strategy, the patients in group B underwent an extended hepatectomy more often than the patients in group A (16.9 vs. 30.4 %), whereas the group A patients underwent less than a hemihepatectomy more often than the group B patients (41.8 vs. 24.0 %; P \ 0.001). The patients in group B also were more likely to undergo a lymphadenectomy (39.5 vs. 56.2 %; P \ 0.001). The incidence and grade of postoperative complications were similar between the two groups (both P [ 0.05). Notably, even the type of complication was comparable ( Table 2 ). The two groups showed no difference in the incidence of perioperative mortality (group A, 1.1 % vs. group B, 3.7 %; P = 0.08).
Long-Term Outcome
During a median follow-up period of 22.3 months, the majority of the patients experienced recurrence (n = 384, 68.9 %). Most of the patients (n = 234, 60.3 %) experienced recurrence only at an intrahepatic site, whereas 154 (39.7 %) patients had recurrence with an extrahepatic site as a component of disease recurrence. The median 1-, 3-, and 5-year DFS for the entire cohort was 11.8 months, 48.9, 20.2 and 13.8 %, respectively. Group A had a median DFS of 14.1 months (95 % confidence interval [CI], 12.2-18.7 months), whereas group B had a median DFS of 9.5 months (95 % CI, 7.9-11.3 months) (P \ 0.001; Fig. 1a) . The DFS was 59.6 % at 1 year, 29.1 % at 3 years, and 22.6 % at 5 years in Group A versus 41.8, 14.6, and 8.2 %, respectively, in group B.
Most recurrences occurred within 24 months after surgery. Notably, short-term recurrence was more common among the group B patients than among the group A patients (76.2 vs. 66.0 %; P = 0.06). The pattern of recurrence did not differ between the two groups (intrahepatic recurrence only: group A, 60.6 % vs. group B, 60.2 %; extrahepatic recurrence as a component of failure: group A, 39.4 % vs. group B, 39.8 %; P = 0.93).
The median, 1-, 3-and 5-year OS for the entire cohort was 26.9 months, 74.7, 37.6, and 23.4 %, respectively. The OS was worse for the group B patients than for the group A (Fig. 1b) . Specifically, whereas the patients in group A had a median OS of 32.0 months (95 % CI, 28.6-35.6 months), the patients in group B had a median survival of 21.1 months (95 % CI, 18.6-26.3 months) (P = 0.003). The 1-, 3-, and 5-year OS was 79.3 % at 1 year, 42.4 % at 3 years, and 30.5 % at 5 years in group A versus 71.7, 34.5, and 18.7 %, respectively, in group B.
Prognostic Factors
The patients with large or multifocal ICC (group B) were further analyzed with respect to the prognostic factors affecting DFS and OS (Table 3 ). In the multivariable analyses, the factors associated with DFS included more than three tumor nodules (hazard ratio [HR], 1.72; 95 % CI, 1.10-2.69; P = 0.02), vascular invasion (HR, 1.60; 95 % CI, 1.20-2.15; P = 0.001), nodal metastasis (HR, 1.76; 95 % CI, 1.29-2.40; P \ 0.001), and poor tumor differentiation (HR, 1.37; 95 % CI, 1.02-1.83; P = 0.03). Similarly, in the univariable analysis, more than three tumor nodules, nodal metastasis, and poor tumor differentiation were associated with worse OS. In the multivariable analysis, more than three tumor nodules (HR, 1.56; 95 % CI, 1.09-2.23; P = 0.02), nodal metastasis (HR, 1.47; 95 % CI, 1.05-2.07; P = 0.02), and poor tumor differentiation (HR, 1.48; 95 % CI, 1.11-1.96; P = 0.01) remained as independent predictors of worse survival.
For the patients with large multifocal ICC undergoing resection, prognosis was stratified based on the number of risk factors present (Fig. 2) . The patients without any prognostic risk factors had the most favorable 5-year survival rate (28.8 %), which was better than the prognosis of the patients with one risk factor (12.8 %; P \ 0.001). The patients with two or more risk factors had the worst prognosis (5-year survival rate, 3.2 %). Notably, among the group B patients, the median survival time was 29.2 months for the patients with a single tumor 7 cm in size or larger who had no other risk factors, whereas the median survival time for the patients with more than three tumor nodules was 14.9 months. Conversely, the median survival time was 17.8 months for the patients with nodal metastasis and 26 months for the patients with poor tumor differentiation.
DISCUSSION
The management of patients with advanced ICC is ill defined. Whether the treatment of choice should be hepatic resection, systemic chemotherapy, or intraarterial therapy remains controversial. This study evaluated the short-and long-term outcomes for patients with large or multifocal ICC after curative hepatic resection. Although large tumor size and multiple tumor nodules are reported to be negative prognostic factors for patients undergoing liver resection with curative intent, 22 surgery in many cases can be the only hope of cure for patients with large or multifocal ICC. For this reason, it is important to analyze the short-and long-term outcomes for this group of patients to determine whether surgical treatment is justified. To the best of our knowledge, this is the first international multi-institutional study that specifically examined survival and defined prognostic factors after hepatic resection for large or multifocal ICC.
One main objective of the current study was to determine the safety of hepatic resection for patients with advanced ICC. The data strongly suggest that hepatic resection can indeed be performed safely for patients with large or multifocal ICC. In fact, although the group B patients underwent a higher proportion of major hepatic resections, the perioperative morbidity and mortality were similar between the two groups (Table 2) . Similarly, even the grade and type of complications were comparable between the two groups.
The patients in group B had worse DFS and OS than the group A patients. Whereas the 5-year survival time for the patients in group A was 30.5 %, the patients with large or multifocal ICC had a 4-year survival time of only 18.7 %. This finding perhaps was not surprising because large or multifocal tumors are more likely to have an aggressive tumor biology. 13, 17 In fact, tumor size and number were included in the nomogram created by Hyder et al. 13 to predict the survival of ICC after resection. In the current study, we expanded on this previous study and specifically defined recurrence and survival outcomes for patients with advanced disease. Although the risk of short-term recurrence was high among all the patients (i.e., [50 %), we noted that it was particularly high among the group B patients, with more than three fourths of these patients having a recurrence within 2 years. It was sobering to note that less than 10 % of the group B patients survived disease-free for 5 years after hepatic resection versus more than 20 % of the group A patients. Nonetheless, the pattern of recurrence was similar between the two groups, which differed from data from Ng et al. 23 who reported that large, multifocal hepatocellular lesions were more likely to recur within the liver. These data serve to emphasize that whereas hepatocellular carcinoma tends to be more a locoregional disease process, the natural history of advanced ICC tends to more systemic. 12 Although the survival after surgery in group B was inferior to the survival in group A, hepatic resection was able to achieve a 5-year survival for nearly 1 in 5 patients with large or multifocal ICC. In addition, the prognosis of the group B patients was not homogeneous but varied based on several prognostic factors. The three independent factors identified as affecting OS adversely included more than three tumor nodules, nodal metastasis, and poor tumor differentiation. These findings are consistent with a recent metaanalysis reporting prognostic factors among a pooled cohort of 2,132 patients with ICC. 24 In the current study, we noted that the group B patients without any of these risk factors had a 5-year OS rate of 28.8 %, which was comparable with the 30.5 % 5-year survival rate for the patients in group A. The patients with one risk factor had less favorable outcomes, whereas the patients with two or more risk factors had the worst survival (Fig. 2) . Notably, the patients with a single tumor measuring 7 cm or larger and no other risk factors in group B had a median survival comparable with the survival of the group A patients. In contrast, the patients with more than three tumor nodules or nodal metastasis fared particularly poorly, with a median survival period shorter than 2 years. Collectively, the data suggest that surgical resection may provide a potential benefit for certain subsets of patients with advanced ICC (i.e., large solitary tumor, no nodal metastasis). In contrast, the overall poor DFS and OS for other patients with advanced ICC ([3 tumors, nodal metastasis) need to be considered in deciding whether to proceed with operative management or not. Although surgery may benefit some of these patients, other neoadjuvant approaches such as chemotherapy or intraarterial therapy should be considered to allow the tumor biology to declare itself better before initiation of resection. 12, 25 The current study had several limitations that should be considered. As with all retrospective studies, this investigation may have had a selection bias regarding the diagnosis and treatment of the patients with ICC. We used a surgical database, so only the data for patients who underwent resection were collected. As such, we cannot comment specifically on the patients who did not undergo resection or on what factors may have determined their inoperability. Of interest, when data from the current surgical series were compared with data from a previous reported series of ICC patients who underwent intraarterial therapy, the latter nonsurgical group seemed to be slightly older and to have a higher incidence of extrahepatic extension and nodal metastasis. 25 Another possible limitation of the current study was that the findings reflect the experience of major hepatobiliary centers and might not be generalizable to low-volume centers. Although the multicenter nature of the study is a considerable strength conferring a larger sample and more generalizability, it also could lead to some heterogeneity in the therapeutic approach to patients.
In conclusion, we report the first multi-institutional study that specifically examined the outcomes of patients with large or multifocal ICC treated with hepatic resection. The findings show that liver resection can be performed safely and yields acceptable short-term outcomes. This study was able to stratify the long-term outcomes of patients with large or multifocal ICC on the basis of a prognostic score that included factors such as more than three tumors, nodal metastasis, and poor tumor differentiation. The use of these factors may help to identify subsets of patients with advanced ICC who might benefit the most from surgical management.
